New MAX phases Ti2(AlxCu1-x)N and Nb2CuC were synthesized by A-site replacement by reacting Ti2AlN and Nb2AlC, respectively, with CuCl2 or CuI molten salt. X-ray diffraction, scanning electron microscopy, and atomically-resolved scanning transmission electron microscopy showed complete A-site replacement in Nb2AlC, which lead to formation of Nb2CuC. However, the replacement of Al in Ti2AlN phase was only close to complete at Ti2(Al0.1Cu0.9)N. Density-functional theory calculations corroborated the structural stability of Nb2CuC and Ti2CuN phases. Moreover, the calculated cleavage energy in these Cu-containing MAX phases are weaker than in their Al-containing counterparts, indicating that they are precursor candidates for MXene derivation.
Introduction
The MAX phases constitute a family of ternary compounds with a hexagonal structure (space group P63/mmc, 194) and a molecular formula of Mn+1AXn, where M is an early transition metal, A mainly comes from groups 13-16, X is carbon and/or nitrogen, and n=1-3 [1, 2] . The MAX phases have potential applications in hightemperature electrodes, components with resistance to friction and wear, structural material in nuclear fuel cladding, and as precursor material for two-dimensional MXene [2] [3] [4] . By now, more than 80 members of ternary MAX compositions have been discovered [5] . Recent studies have also demonstrated that the A-site element in MAX phases can be a late transition metal (e.g., Au, Ir, Zn, Fe and Cu) [6] [7] [8] [9] [10] [11] [12] [13] . Transition metals have distinct properties different from other A-group elements due to their large d electron orbits. If late-transition metal elements can be introduced into the A layer of the MAX phase through a replacement reaction, there would be further prospects for tailoring the functionality of MAX phases.
In 2017, Ti3AuC2 and Ti3Au2C2 were synthesized by replacing Si with Au in Ti3SiC2, and Ti3IrC2 was identified by replacing Au with Ir in obtained Ti3Au2C2 [7] . Recently, our group reported a series of new Zn-containing MAX phases (Ti3ZnC2, Ti2ZnC, Ti2ZnN, and V2ZnC) obtained by a replacement reaction between MAX phase precursors and ZnCl2 molten salt [10] . In these phases, Zn atoms occupy the original Al position at the A site in the MAX phase structure. The key merit of this A-site replacement strategy is the prevention of competitive phases (such as M-Zn alloys) that can have lower Gibbs free energies than these new MAX phases and would thus be thermodynamically favored. In this synthesis methodology, the redox reaction between Al and Zn 2+ and simultaneous evaporation of AlCl3 accounts for the main driving force. 
Experimental details Preparation of Ti2AlN and Nb2AlC
As in previous work, TiN/Ti/Al/NaCl/KCl powder mixture with a mole ratio of 1: 
Preparation of Ti2(AlxCu1-x)N and Nb2CuC
The Ti2AlN powders were mixed with CuCl2 in stoichiometric molar ratios of 2:3 for Ti2(AlxCu1-x)N. The Nb2AlC and CuI (molar ratio=1:3) were used as the starting material to synthesize Nb2CuC. The material mixtures was heated in tube furnace to 600C at a rate of 2C/min for 7 h under the protection of argon, then cooled down to room temperature at a rate of 5C/min. Ammonium persulfate solution was used to remove the residual Cu in the reaction process. Finally, the product was filtered, washed, and dried at 50C.
Characterization and density functional theory calculations
The phase composition of the samples was analyzed by X-ray diffraction (XRD) with
Cu K radiation. The microstructure and chemical composition were obtained in scanning electron microscopy with an energy-dispersive spectrometer (EDS).
Atomically-resolved structural analysis was also carried out by high-resolution scanning transmission electron microscopy (HRSTEM) capable of high angle annular dark field (HAADF) imaging and EDS Density functional theory (DFT) calculations were in the in the CASTEP code [15, 16] , using the generalized gradient approximation (GGA) as implemented in the Perdew-Breke-Ernzerhof (PBE) functional [17, 18] . Phonon calculations were carried out to evaluate the dynamical stability using the finite displacement approach, as implemented in CASTEP [19, 20] Table 1 . SEM images of Nb2AlC and Nb2CuC particles are shown in Figure 3(a-b) , respectively. The Nb2CuC retains the layered morphology like the raw Nb2AlC. The EDS spectrum of Nb2CuC is shown in Figure 3(c) , and all Nb, Cu, and C elements were detected. Only a very small peak possibly originating from Al was seen in the EDS spectrum, and the Al content should thus be at a concentration near or below the detection limit. The relative atomic ratio of (Nb:Cu) at.% is about (2:1) at.%, which is equal to the stoichiometry of an M2AX phase. Figure 3 In order to further determine the structure of Nb2CuC, STEM was performed. The incorporation of transition elements (Zn, Cu) into A site of MAX phase has been discussed in our previous reports where chloride salts were used [10, 14] . Here, we used an alternative molten salt CuI, which has a melting point of 600°C. At 700°C, CuI is molten and ions of Cu + and I -can contact solid reactants [23] . As a strong electron acceptor or Lewis acid [24, 25] which is why Ti3(Al1/3Cu2/3)C2 was formed in earlier work [14] . Previous reports also indicated this alloying behavior of Cu into A site (Si [26] or Al [27] 
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